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NOVEL PRIMERS AND METHODS FOR THE DETECTION OF 
DISSEMINATED TUMOR CELLS 

The present invention relates to primers that specifically hybridize to nucleic acid 
molecules complementary to the messenger RNA transcribed from genes 
encoding MAGE tumor-specific antigens or a part thereof or to a complementary 
strand thereof as well as to diagnostic compositions comprising said antigens. 
The present invention further relates to methods for detecting disseminated tumor 
cells employing the primers of the invention as well as methods for preparing a 
tumor adjuvant vaccine. 

Immunotherapeutic approaches have previously been applied to patients with 
minimal residual disease and could reduce mortality and recurrence associated 
with distant metastases. Since early occult dissemination of tumor cells is already 
present in about half of the cancer patients, efficient treatment strategies have to 
be developed for eliminating residual tumor ceils. Many immunocytochemical and 
PCR-based assays using histogenetic differentiation markers exclusively allow 
the detection of micrometastatic cells that worsen the prognosis after local 
tumorectomy without identifying antigens for adjuvant immunotherapy. Limitations 
of RT-PCR analyses in oncological disorders resulted in the tissue-specific rather 
than tumor-specific expression of marker genes. Detection of disseminated tumor 
cells is thus restricted to a few, certain tumor types deriving from similar 
histological origin. Moreover, tumor cells are only detectable in front of special 
tissue background, so that most published approaches depend on samples taken 
from mesenchymal compartments. The presence of ubiquitous transcriptional 
factors and minimal activation of promotor sequences in background cells may 
cause illegitimate transcription and reduce specificity and sensitivity due to 
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competing background signals. Furthermore, most assays measure only a single 
marker gene not considering inter- and intra-individual tumor cell heterogenity. 

Several tumor rejection antigens have recently been characterized that are 
presented on major histocompatibility complex (MHC) class I molecules to 
autologous cytolytic T-lymphocytes (CTL). The MAGE genes belong to a family of 
12 closely related genes with an overall homology of 64-85% and are classified 
as "cancer-testis-antigens". 

The MAGE genes have been employed in the prior art to use primers specific for 
MAGE 1 to 4, 6 and 12 for the detection of a variety of tumors (WO 95/23874). 
The specific primers as well as the regions they prime to in the MAGE genes are, 
however, inappropriate for the diagnosis of disseminated tumor cells in human 
samples. WO 96/29430 discloses genetic markers for the detection of melanomas 
and breast cancer cells including occult cancer cells or metastatic cells derived 
therefrom. In said application, it is further described that a number of markers 
including MAGE-3 may be employed to detect such tumors. However, methods 
disclosed in this application are not expected to be suited for the detection of 
disseminated tumor cells derived from human malignacies of many different 
histological origins. 

Since, in particular, the early reliable detection of disseminated tumor cells in a 
patient enables the early treatment and/or vaccination in order to prevent 
recurrence of cancerous growth, the technical problem underlying the present 
invention was to improve the sensitivity of the prior art methods for detecting such 
disseminated tumor cells in patients with maligancies of many different 
histological origins. The solution to said problem is achieved by the embodiments 
characterized in the claims. 

Accordingly, the present invention relates to a primer specifically hybridizing to a 
nucleic acid molecule complementary to the messenger RNA transcribed from a 
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gene encoding a MAGE tumor-specific antigen or a part thereof or to a 
complementary strand thereof, said primer being selected from the group of 

(i) primers having the same 3' portion as one of the following groups of 
primers: 

(a) 



S'-gtagagrtcggccgaaggaac-S' 


(SEQ 


ID 


NO:1 


5'-caggagctgggcaatgaagac-3' 


(SEQ 


ID 


NO:2) 


5'-cattgaaggagaagatctgcct-3' 


(SEQ 


ID 


NO: 3) 


5'-gagtagaagaggaagaagcggt-3' 


(SEQ 


ID 


NO: 4) 


5'-gaagccggcccaggctcg-3' 


(SEQ 


ID 


NO: 5) 


5'-gatgactctggtcagggcaa-3' 


(SEQ 


ID 


NO: 6) 


5'-caccaaggagaagatctgcct-3' 


(SEQ 


ID 


NO: 7) 


5'-tcctcagtagtaggagcctgt-3' 


(SEQ 


ID 


NO: 8) 


5'-tccgtgaggaggcaaggttc-3' 


(SEQ 


ID 


NO: 9) 


5'-atcggattgactccagagagta-3' 


(SEQ 


ID 


NO: 10) 



(b) 



5'-tagagttcggccgaaggaac-3' 


(SEQ 


ID 


NO: 


11) 


5'-ctgggcaatgaagacccaca-3' 


(SEQ 


ID 


NO: 


12) 


5'-cattgaaggagaagatctgcct-3' 


(SEQ 


ID 


NO: 


13) 


5'-caggcttgcagtgctgactc-3' 


(SEQ 


ID 


NO: 


14) 


5'-ggctcggtgaggaggcaag-3* 


(SEQ 


ID 


NO: 


15) 


5'-gatgactctggtcagggcaa-3' 


(SEQ 


ID 


NO: 


16) 


5'-caccaaggagaagatctgcct-3' 


(SEQ 


ID 


NO: 


17) 


5'-caggcttgcagtgctgactct-3' 


(SEQ 


ID 


NO: 


18) 


5'-tccgtgaggaggcaaggttc-3' 


(SEQ 


ID 


NO: 


19) 


5'-gagcctgcgcacccaccaa-3' 


(SEQ 


ID 


NO: 


20) 



and; 

(ii) primers that overlap with a primer sequence depicted in (a) or (b). 



The term "overlap" in this context means the overlap of at least one nucleotide. 
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Accordingly, said primers can hybridize to RNA, preferably mRNA or to DNA, 
preferably cDNA. 

In accordance with the present invention, it was found that the primers having the 
above-recited 3' ends are particularly useful in detecting disseminated tumor cells 
of many different histological origins at a sensitivity level that was unknown from 
the prior art. Additionally, primers that overlap with the above-recited nucleic acid 
sequences and that hybridize to MAGE genes have been found useful for the 
detection of disseminated tumor cells in human samples. Preferably, said primers 
overlap with the nucleic acid sequences depicted under (a), above. It is further 
preferred that the primers of the invention have a length of between 15 and 25 
nucleotides. With the exception of primers that recognize MAGE-3 and -6, each of 
said primers specifically detects the expression of only one MAGE gene. 

The present invention accordingly provides a means for detecting a cancerous 
condition at a very early stage of the disease and thus allows the timely treatment 
of patients where disseminated tumor cells are detected. It was surprisingly found 
by the present invention that, in contrast to prior art reports, disseminated tumor 
cells of many different histological origins can be detected using the above-recited 
primers, even if the analyzed patient has no clinical evidence of disease. It has to 
be emphasized that the prior art methods and primers as well as the regions of 
the MAGE genes to which the primers described in the prior art hybridize are not 
suitable for detecting disseminated tumor cells in samples of patients with 
malignancies of many different histological origins since the sensitivity of said 
primers has, in accordance with the present invention, proven not to be high 
enough for such an analysis. The term "specifically hybridizing" as used in 
accordance with the present invention is intended to mean that these primers do 
not cross-amplify nucleic acids from the genes of other MAGE tumor specific 
antigens in a sensitive RT-PCR. Such RT-PCRs can be devised by the person 
skilled in the art according to conventional protocols. The specific hybridization 
occurs under stringent conditions. Such conditions can be devised by the person 
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skilled in the art without undue burden according to conventional protocols; see, 
e.g., "Nucleic Acid Hybridization, A Practical Approach"; edited by Hames & 
Higgins, IRL Press, Oxford 1985. 

The primers of the invention are advantageously used in PCR amplification of 
nucleic acid sequences derived from the desired MAGE genes or fragments 
thereof. The primers of the invention are devised to avoid the amplification of 
genomic DNA but to amplify a DNA sequence derived from the reverse 
transcription of messenger RNA. In this way, the PCR product can be 
unambiguously correlated with expressed MAGE-genes. PCR may be carried out 
according to conventional methods. Also, the PCR product may be detected 
according to protocols that are established in the art. 

Preferably, the primer of the invention is a primer depicted in either group (a) or 
group (b), supra. 

The primers of this embodiment have been particularly useful and advantageous 
in identifying disseminated tumor cells in samples of patients with malignancies of 
many different histological origins. It is also particularly preferred that primers of 
group (a) are used as primers for a first round of PCR amplification whereas 
primers of group (b) are used in a nested primer PCR amplification. 

The present invention further relates to a diagnostic composition comprising at 
least four primers according to the invention wherein said at least four primers 
hybridize pair-wise to strands of opposite orientation of at least two different 
nucleic acid molecules wherein strands of one orientation are complementary to 
the messenger RNA transcribed from the genes of at least two different MAGE 
tumor-specific antigens. 

The diagnostic composition of the invention is particularly useful for carrying out a 
variety of PCRs and thus for unambiguously identifying the presence of 
disseminated tumor cells in patients with malignancies of many different 
histological origins. As has been found in accordance with the present invention, 
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at least two different MAGE-genes from the group of MAGE-1 ,-2,-3,-4, -6 and -12 
should be checked for expression in order to further secure the diagnostic value 
of the investigation. Preferably, said diagnostic kit comprises at least one pair of 
primers specific for each of the MAGE-1 -2,-3,-4, -6 and -12 genes. It is further 
preferred that the analysis of the sample is carried out with the kit of the invention 
until the expression of at least two different MAGE-genes has been secured. 

The bottling of the primers in said kit is effected according to conventional 
procedures. Preferably, each primer is separately bottled. Alternatively, the 
primers specific for each MAGE-gene are bottled together with the understanding 
that primers for a primary and a nested primer reaction are separately bottled. 

The present invention further relates to a method of detecting disseminated tumor 
cells indicative of a cancerous condition in a patient comprising: 

(a) carrying out PCR on cDNA obtained from mRNA from one or more patient 
samples using at least two primers of the invention hybridizing pair-wise to 
strands of opposite orientation of at least two one cDNA molecule wherein 
strands of one orientation are complementary to the messenger RNA 
transcribed from the genes of at least one MAGE tumor-specific antigen; 
and 

(b) detecting one or more PCR products. 

The term "cancerous condition" is intended to mean the whole spectrum from the 
initiation of malignant transformation in single cells to advanced cancer disease 
including distant solid metastasis. 

Preferably, at least four primers specific for at least two MAGE transcripts and 
complementary strands thereof are employed in the method of the invention. 

Additionally, the present invention relates to a method of preparing a tumor 
adjuvant vaccine comprising the following steps: 
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(a) carrying out PCR on cDNA obtained from mRNA from one or more patient 
samples using at least four primers of the invention hybridizing pair-wise to 
strands of opposite orientation of at least two different nucleic acid 
molecules wherein strands of one orientation are complementary to the 
messenger RNA transcribed from the genes of at least two different MAGE 
tumor-specific antigens; 

(b) detecting resulting PCR products; and 

(c) using at least one MAGE-gene product, expression of said MAGE-gene 
being detected as a result of step (b) for preparing an adjuvent tumor 
vaccine based on MAGE-antigen-derived peptides resembling MHC- 
restricted T-cell-epitopes, whole MAGE-antigens or fragments thereof, 
MAGE-transfected host cells, DNA vaccinating strategies using MAGE- 
encoding nucleotide sequences or any other immunization method based 
on MAGE-gene products or their coding nucleotide sequences. 

This embodiment of the invention relates to the direct application of the positive 
analysis of the presence of disseminated tumor cells in a human sample. Once 
said tumor cells have been detected, a suitable antidote for the further 
proliferation of said tumor cells eventually resulting in tumorous growth should be 
devised. The method of the present invention provides such an antidote. The 
tumor adjuvant vaccine can be prepared according to conventional protocols. In 
particular, it is envisaged to pulse dendritic cells isolated from the patient with 
peptides derived from the coding sequences of those MAGE-genes detected to 
be expressed by the disseminated tumor cells of this particular patient using the 
diagnostic composition of the present invention, these peptides being suited for 
binding to MHC-molecules of this patient thus resembling MHC-restricted T-cells 
epitopes. The peptide-puised dendritic cells will then be reinjected into the patient 
and will migrate to the T-cell zones of secondary lymphoid organs where they 
prime MAGE-specific T-iymphocytes thus resulting in an immune response 
against MAGE-positive tumor cells. 
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In a preferred embodiment of the method of the invention, said cDNA is obtained 
by: 

(a) preparing mRNA from one or more samples removed from said patient; 
and 

(b) reverse transcribing said mRNA. 

The preparation of said mRNA and the reverse transcription thereof is 
conveniently effected by conventional procedures. 

Reverse transcription of mRNA resulting in the corresponding cDNA may be 
carried out by random hexanucleotide priming as described in Example 3 by 
oligo-dT-priming or by specific priming using one or more oligonucleotides 
complementary to oneor more MAGE-mRNA species. Due to the high degree of 
sequence homology among different members of the Mage gene family, specific 
primers for the cDNA-synthesis may be identified that efficiently hybridize to the 
mRNA of more than one Mage gene and most preferably to all the Mage genes 
used according to the present invention (Mage-1, -2, -3/6, -4 and -12). Such 
"pan-Mage primers" can be identified and tested according to the state of the art 
especially represented by computer based sequence analysis and laboratory 
manuals e.g. Sambrook (Molecular Cloning; A Laboratory Manual, 2 nd Edition, 
Cold Spring Harbour Laboratory Press, Cold Spring Harbour, NY (1989)) or 
Hames & Higgins (Nucleic acid hybridization; A practical approach, IRL Press, 
Oxford/Washington DC (1985)). 

In an additional preferred embodiment of the method of the invention, said PCR is 
nested PCR. 

As has been found in accordance with the present invention, the nested PCR is a 
further safeguard for obtaining unambiguous results with regard to the patient's 
disease status. 

In a further preferred embodiment of the method of the invention, said primers 
hybridize to 2 to 6 different nucleic acid molecules complementary to the 
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messenger RNA transcribed from the genes of MAGE tumor-specific antigens 
and to complementary strands thereof. 

In a further preferred embodiment of the method of the invention, said MAGE 
tumor-specific antigens are the MAGE-1, -2, 3, -4, -6 or -12 tumor specific 
antigens. 

Of all MAGE antigens, the above-recited antigens most often appear on tumor 
cells, as was found in accordance with the present invention, and are therefore 
particularly indicative of the risk of cancer to develop metastatic tumors. 

It is further preferred in accordance with the present invention to remove samples 
from two different aspiration sites. As was found in accordance with the present 
invention, the analysis of double-sided aspiration significantly improves sensitivity. 
It is therefore advisable to use double-sides aspiration in the routine diagnosis of 
tumor cell dissemination. 

In a further preferred embodiment of the method of the invention, said samples to 
be analyzed are bone marrow aspirates. 

As has been surprisingly found in accordance with the present invention, the use 
of bone marrow aspirates as a source for analyzing the metastatic potential of a 
patient is more sensitive than using peripheral blood as suggested by the prior 
art. 

Additionally preferred is a method wherein said mRNA preparation comprises the 
following steps: 

(a) immediately lysing the sample in buffer essentially completely avoiding 
RNA-degradation; and 

(b) optionally centrifuging the mRNA obtained in the lysate through a cushion 
of an RNAse-inhibiting agent, preferably cesium trifluoracetate. 

This embodiment of the invention is advantageous since it precludes the loss of 
mRNA that is, as is well known in the art, sensitive to degradation by 
exonucleases and therefore precludes loss of sensitivity of the assay method. 
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Further, said method reduces heme concentrations in the RNA-preparation below 
values inhibiting Taq-polymerase. This is because hemoglobin is removed, high 
heme concentrations decreasing the sensitivity of the assay method. 
The term "immediately" means that the sample is lysed within seconds after 
removal from the patient in an agent depicted under (a). Said agent is preferably 
a guanidine salt such as guanidine isothiocyanate. After lysis of the sample, said 
sample is overlaid on a cushion of an RNAse-inhibiting agent depicted under (b). 
Said agent is preferably a cesium salt such as caesium trifluoroacetate. The 
mRNA is advantageously obtained by ultracentrifugation through said cushion. 

Preferably, the cancerous condition is related to prostate cancer, non-smali or 
small cell Jung cancer or sarcoma or maiignant melanoma or breast cancer or 
colorectal cancer. The above enumeration of tumor types is to be understood as a 
selection of tumors that is recited as preferred examples. Other tumors may be 
also detected in their early stages in accordance with the present invention. 

The figures show: 

Figure 1 : 

Location of the specific oligonucleotide primers in the MAGE gene sequences. 
Grey boxes show the different exons. Arrows indicate the position of the 
oligonucleotides used for RT-PCR analyses. The expected size of the PCR 
products in the external as well as internal amplification is indicated. 

Figure 2: 

Number of BM aspirates from lung carcinoma patients with positive results in 
PCR-assay for at least one MAGE and CK-!mmunocytochemistry. 
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Figure 3: 

Number of prostate carcinoma patients with positive results in PCR-assay for at 
least one MAGE and PSA, and in CK-lmmunocytochemistry in BM of at least one 
aspiration site. 

Figure 4. 

Number of prostate carcinoma patients with positive results in PCR-assay for at 
least one MAGE and PSA, and in CK-lmmunocytochemistry in BM of at least one 
aspiration site. 

a) analysis related to primary tumor 

b) analysis related to progressive disease 

Figure 5: 

Mage-1 PCR assay of bone marrow samples from lung cancer patients. Patient 
samples 1-8 (ZI.JO., BA.MA., DE.IV., NE.WI., HO.FR., MAJO., RE.LU., HE.JO) 
in lane 4-11. Controls: mock preparation in lane 1, 10 Mz-2Mel tumor ceils in 1 ml 
blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 1000 Mz-2Mel 
tumor cells in 1 ml blood in lane 12. DNA ladder in lane M. 

Figure 6: 

Mage-2 PCR assay of bone marrow samples from lung cancer patients. Patient 
samples 1-8 (FI.RI., RE.LU., KU.LU., KLJU., HE.JO., HA.AN., RO.AD., BE.FR.) 
in lane 4-11. Controls: mock preparation in lane 1, 10 Mz-2Mel tumor cells in 1 ml 
blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 1000 Mz-2Mel 
tumor cells in 1 ml blood in lane 12. DNA ladder in lane M. 



WO 98/46788 



PCT/EP98/02081 



Figure 7: 

Mage-3 PCR assay of bone marrow samples from lung cancer patients. Patient 
samples 1-8 (HA.HI., DE.IV., HO.FR., MA.RO., LA.AL., AR.JO., VO.KL., WE.AL.) 
in lane 4-11. Controls: mock preparation in lane 1,10 Mz-2Mel tumor cells in 1 ml 
blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 1000 Mz-2Mel 
tumor cells in 1 ml blood in lane 12. DNA ladder in lane M. 

Figure 8: 

Mage-4 PCR assay of bone marrow samples from lung cancer patients. Patient 
samples 1-6 (HA.AN., VO.KL., DE.IV., BE.FR., LA. BR., IN.FR..) in lane 3-8. 
Controls: mock preparation in lane 1,10 LB23-SAR tumor cells in 1 ml blood in 
lane 2, 100 LB23-SAR tumor cells in 1 ml blood in lane 9,. DNA ladder in lane M. 

Figure 9: 

Mage-12 PCR assay of bone marrow samples from lung cancer patients. Patient 
samples 1-8 (SO.JO., HA.HI., HO.FR., MA.JO., LA.BR., IN.FR., NI.OS. FI.RI.) in 
lane 4-11. Controls: mock preparation in lane 1, 10 Mz-2Mel tumor cells in 1 ml 
blood in lane 2, 100 Mz-2Mel tumor cells in 1 mi blood in lane 3, 1000 Mz-2Mel 
tumor cells in 1 ml blood in lane 12. DNA ladder in lane M. 

Figure 10: 

Mage-1 PCR assay of bone marrow samples from prostate cancer patients and 
healthy persons. Patient samples 1-8 (FE.KU.re., RI.ER.Ie., ZO.JO.re., SC.HO.Ie., 
KN.DI.re., MA.GU.Ie., ME.JO.Ie., BE.WA.le.) in lane 4-11. Healthy persons in lane 
12-15. Controls: mock preparation in lane 1,10 Mz-2Mel tumor cells in 1 ml blood 
in lane 2, 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 1000 Mz-2Mel tumor 
cells in 1 ml blood in lane 16. DNA ladder in lane M. 
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Figure 11: 

Mage-2 PCR assay of bone marrow samples from prostate cancer patients and 
healthy persons. Patient samples 1-8 (SC.GU.Ie., WO.JA.re., PF.LO.Ie., 
SC.AU.le., FE.KU.le., ZO.JO.Ie., ST.EB.Ie., SC.HO.Ie.) in lane 4-11. Healthy 
persons in lane 12-15. Controls: mock preparation in lane 1,10 Mz-2Mel tumor 
cells in 1 ml blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 
1000 Mz-2Mel tumor cells in 1 ml blood in lane 16. DNA ladder in lane M. 

Figure 12: 

Mage-3 PCR assay of bone marrow samples from prostate cancer patients. 
Patient samples 1-8 (RI.ER.le., SC.GU.Ie, BA.GI.re., BE.WA.Ie, WO.JA.Ie., 
FE.KU.re., KN.DI.re., RI.FE.re.) in lane 4-11. Controls: mock preparation in lane 
1, 10 Mz-2Mel tumor cells in 1 ml blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml 
blood in lane 3, 1000 Mz-2Mel tumor cells in 1 ml blood in lane 12. DNA ladder in 
lane M. 

Figure 13: 

Mage-4 PCR assay of bone marrow samples from prostate cancer patients and 
healthy persons. Patient samples 1-8 (PF.LO.Ie., HI.ER.le., SC.HO.re., 
HE.RU.re., LU.VO.Ie., MA.GU.le., WI.JA.le., LE.Dl.re.) in lane 4-11. Healthy 
persons in lane 12-15. Controls: mock preparation in lane 1, 10 LB23-SAR tumor 
cells in 1 ml blood in lane 2, 100 LB23-SAR tumor cells in 1 ml blood in lane 3, 
1000 LB23-SAR tumor cells in 1 ml blood in lane 16. DNA ladder in lane M. 
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Figure 14: 

MAGE-12 PCR assay of bone marrow samples from prostate cancer patients. 
Patient samples 1-8 (WO.JA.ie., RI.ER.Ie., LU.VO.re., GE.CH.Ie., BA.GI.re., 
WE.HJ.Ie., HI.ER.Ie., BI.GU.re.) in lane 4-11. Controls: mock preparation in lane 
1,10 Mz-2Mel tumor cells in 1 ml blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml 
blood in lane 3, 1000 Mz-2Mel tumor cells in 1 ml blood in lane 12. DNA ladder in 
lane M. 

Figure 15: 

MAGE PCR assay of primary tumor of sarcoma patient H.M.; (see also Table 4c) 
PCR assays were performed in quadruplicates, (a) Expression of MAGE-1. Tumor 
samples in lane 3-6. Controls: mock preparation in lane 8, tumor cell line Mz-2Mel 
in lane 1, 6, 7. DNA ladder in lane M. (b) Expression of MAGE -2 and -3. 
Corresponding to Mage-2, tumor samples in lane 4-7, tumor cell line Mz-2Mel in 
lane 2, 3 and 8, mock preparation in lane 1. Corresponding to MAGE-3, tumor 
samples in lane 12-15, tumor cell line Mz-2Mel in lane 10,11, and 16, mock 
preparation in lane 9. DNA ladder in lane M. (c) Expression of MAGE -4 and -12. 
Corresponding to MAGE-4, tumor samples in lane 4-7, tumor cell line LB23-SAR 
in lane 2,3and 8, mock preparation in lane 1. Corresponding to MAGE-12, tumor 
samples in lane 12-15, tumor cell line Mz-2Mel in lane 10,11, and 16, mock 
preparation in lane 9. DNA ladder in lane M. 

The examples illustrate the invention. 

Example 1: Cell lines and Patients 

In total, 28 tumor cell lines were tested for MAGE expression. Out of them 17 
were of epithelial (MCF-7, BT20, SkBr3, MDA-MB: breast; LNCaP: prostate, 
SkCo, HT29, LS180, SW480: colon; A498, Caki I: kidney; HepB3, HepG2: liver; 
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Panc-Tu: pancreas; Kato: stomach, A427: lung and A431: skin) and 2 were of 
mesenchymal origin (HT1080, LB23- SAR). 3 hematopoietic (U937, Raji,K562) 
and 6 tumor cell lines derived of neuroectodermal tissue (A172, U138: 
glioblastoma; Mel-Juso, Mel-Mei, A375, Mz-2Mel: melanoma) were analyzed. The 
melanoma cell line Mz-2Mel and the sarcoma cell line LB23-SAR were gifts of 
Francis Brasseur (Ludwig Institute, Brussels). The study population consisted of 
double-sided BM aspirates of 30 patients with prostate cancer (n=60 aspirates); 
single-sided BM aspirates were taken from 34 patients with non-small and small 
lung cancer (n=34 aspirates) and 6 patients with sarcoma (n=6 aspirates). 
Further, we analyzed peripheral blood samples from 12 patients with prostate 
cancer (n=12 samples), 6 patients with sarcoma (n=6 samples) and 12 patients 
with malignant melanoma (n=12 samples). All patients with prostate and lung 
cancer were staged as free of distant overt metastases (MO). In contrast, patients 
with sarcoma and malignant melanoma were suffering from advanced disease or 
metastases in different organs. Patients were graded by histopathological 
examination and staged according to the TNM-classification (4th edition, 1987). 
To test the specificity of the MAGE PCR assays, a "negative" control group 
consisting of 67 non-malignant patients: 20 BM aspirates and 20 peripheral blood 
samples with a history of trauma, benign tumors, inflammatory diseases or 
healthy donors were admitted to the study; furthermore, bone marrow of 27 
healthy allogeneic bone marrow donors were analyzed with regard to expression 
of Mage gene products. Using heparine as an anticoagulant, BM was aspirated 
from one or two sides of the upper iliac crest under local anesthesia in patients 
with prostate cancer and sarcoma while chemotherapy or under general 
anesthesia in patients with lung cancer prior to tumorectomy. 

Example 2: Tissue sampling and preparation 

To avoid degradation of the RNA, 1 ml of the native sample was immediately 
within seconds mixed with 5 ml nucleic acid extraction buffer (4 M guanidine 
isothiocyanate, 0.5% sarcosyl (N-lauryisarcosine sodium salt), 25 mM sodium 
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citrate, pH=7.0) and 0.7% 2-mercaptoethanol. After vigorous vortexing the sample 
could easily and without risk of RNA degradation be stored at -20°C until needed. 
For purifying total RNA the method of Okayama et al. was modified as follows: 
The lysate was gently overlaid onto a 5 ml cushion of CsTFA-solution (cesium 
trifluoracetate (Pharmacia, Freiburg, Germany) and 0.25 M EDTA, pH=7.0) in 
diethyl pyrocarbonate (DEPC)-treated, autoclaved SW40 centrifuge tubes and 
centrifuged at 35,000 rpm for 18 h at 15°C. After centrifugation, the upper layer of 
nucleic acid extraction buffer/BM or blood mixture and the lower layer of CsTFA- 
solution were removed by aspiration and discarded. The tubes were quickly 
inverted, placed on a paper towel to drain for 2 minutes, and the bottom 1 cm of 
the tube was cut off with a scalpel. The bottom was turned over again, placed on 
a bed of ice and the RNA pellet was dissolved in a total of 300 pi DEPC-treated 
HPLC-water. Sequentially, the sample was transferred to a fresh tube with 300 pi 
of a phenol-chloroform-isoamylalcohol mixture (25:24:1, vol:vol:vol). Again after 
vortexing and centrifugation (1 min, 14,000 rpm) the upper phase was reextracted 
with 300 pi chloroform. Subsequently, the RNA was precipitated with 300 pi 
isopropanol, 40 pi 3M sodium acetate, pH=5.0 and 20 pg glycogen at -20°C over 
night. After centrifugation the RNA pellet was washed with 70% ethanol, dried for 
4 minutes and dissolved in 5 pi DEPC-treated HPLC-water. To determine the 
sensitivity of the PCR assay, Mz-2Mel and LB23-SAR were harvested from tissue 
culture flasks, single cells of these lines were picked with a pipette under the 
microscope and mixed in 1 ml peripheral blood of a healthy donor. RNA 
preparation was also performed as described above. To minimize the potential of 
PCR carryover all samples were processed at a site separate from amplification 
and electrophoresis of PCR products. 

Example 3: Reverse-transcriptase polymerase chain reaction 

Half of total RNA was denatured for 5 min at 70°C, quickly chilled on ice and was 
reverse transcribed using random hexamer primers (Boehringer Mannheim, 
Mannheim, Germany). The synthesis was carried out with a First-strand cDNA 
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synthesis kit (Gibco, Eggenstein, Germany), including Superscript II (Gibco) in a 
final volume of 10 pi containing 50 mM Tris (pH=8.3), 75 mM Kcl, 3 mM MgCI 2 , 10 
mM DTT, 0.5 mM total dNTP, 1.6 ug of the random primers and 100 units 
Superscript II. After the addition of RNA, the samples were incubated at 40°C for 
1 hour and subsequently diluted with 10 pi HPLC-water. 

PCR-reaction mixture (10 pi) was composed of 1 pi cDNA, 1 pi of 10xPCR buffer 
(100 mM Tris, pH=8.3, 500 mM KCI, 10 mM MgCI 2 ), 40 pM dNTP, 0.4 pM of each 
of the two primers, 5 pg BSA (Boehringer Mannheim, Mannheim, Germany), 0.6 
units of Taq DNA-Polymerase {Boehringer Mannheim, Mannheim, Germany) and 
overlaid with 12.5 pi of mineral oil. The primers for the MAGE genes were 
designed from previously published sequences (Tab. 1, Fig.1), and were selected 
to maximize mismatches between the different MAGE-sequences particularly in 
the 3'-region in order to avoid cross-amplification. Specific PCR assays were 
possible for MAGE genes 1,2,4 and 12 since the percentage of identity of these 
genes varies between 64 to 85 %. In contrast, the sequence of Mage-6 was found 
to be 99% identical to that of Mage-3. Therefore our primers for Mage-3/6 
hybridize to both genes and PCR can detect Mage-3 and/or Mage-6 expression. 
Short primers in the range of 19-22 bases and annealing temperatures of about 
60°C were most efficient. Also junction primers spanning over two exons showed 
surprising results in efficiency. As published recently, we applied primers for PSA 
(Tab. 1) on exons 2 and 3 that span a 1.6-kilobase intron and amplify three 
different PSA cDNAs. To confirm the presence of cDNA template in each sample, 
primers specific for p53 (kindly provided by Thomas Blankenstein, Munchen, Tab. 
1) were used to coamplify this ubiquitously expressed "housekeeping" gene. 
Oligonucleotide primers were synthesized and purified at Genset, Paris. For the 
external fragment amplification of the MAGE PCR assays following cycling profile 
was used: denaturation at 94°C for 6 min, annealing at 60°C for 30 sec and 
extension at 72°C for 2 min for the first cycle; denaturation at 93°C for 40 sec, 
annealing at 60°C for 30 sec and extension at 72°C for 20 sec for 14 cycles; 
denaturation at 93°C for 40 sec, annealing at 60°C for 30 sec and extension at 
72°C for 30 sec for 50 cycles; terminal extension at 72°C for 2 min and cooling at 
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30°C for 1 min. One microliter of the reaction was then transferred into a second 
tube containing the PCR mixture described above. For the nested fragment 
amplification thirty more cycles were run at 93°C (40 sec), 58°C (30 sec) and 
72°C (30 sec) with a final extension at 72°C for 2 min and cooling at 30°c for 1 
min. The cycling conditions for PSA varied by using conventional one-stage PCR 
and separating the 14 cycles into 7 cycles with and annealing-temperature of 
64°C and 7 cycles with 57°C, continuing 50 cycles with 57 D C. The amplification 
was performed on a Hybaid Thermal Reactor (Biometra, Gottingen, Germany) 
using plate control. Importantly, all pipetting was performed on ice under a 
laminar air-flow bench with filtered pipette tips, external and nested fragment 
amplification were performed in different rooms to avoid potential DNA cross- 
contaminations. Negative control reactions (mock reactions) for the RNA 
preparation and RT-PCR were performed routinely. PCR products were analyzed 
on 1.8% agarose by gel electrophoresis and by direct visualization after ethidium 
bromide staining under UV-light. A 1 kb DNA ladder (Gibco BRL, Eggenstein, 
Germany) was used as a reference marker for all assays. The specificity of the 
amplification products obtained was monitored with DNA sequencing. Using this 
approach, the RT-PCR assays for the different MAGE genes could detect 10 cells 
of a malignant tumor cell line mixed with 1 ml normal whole blood. Reproducibility 
of the nested PCR assay was 100%. 

Example 4: Immunocytochemistry 

After removal of 1 ml of whole BM and blood for PCR analyses, mononuclear 
cells (MNC) from the remaining aspirate were isolated by density gradient 
centrifugation through Ficoll-Hypaque (Pharmacia, Freiburg, Germany) at 400g 
for 30 minutes, interface cells were cytocentrifuged onto glass slides at 150g for 5 
minutes (5x1 0 5 cells per slide). BM specimens were stained with monoclonal 
antibodies CK2 (kindly provided by Dr. M. Osborn, Max Planck Institut Gottingen, 
and later obtained from Dr. H. Bodenmuller, Boehringer Mannheim, Tutzing, 
Germany; these as well as all other antibodies used in the experimental part of 
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the application were prepared according to conventional procedures. The specific 
antibodies used here are not essential for carrying out the invention) and A-45- 
B/B3 (kindly provided by Micromet GmbH, Martinsried, Germany), which detect 
common epitopes on cytokeratin components. The antibody reactions were 
developed with the alkaline phosphatase anti-alkaline phosphatase (APAAP) 
technique combined with the Neufuchsin method for visualizing antibody binding. 
Briefly, after incubation with the primary antibody, a polyvalent rabbit anti-mouse 
Ig antiserum (Z259, Dako, Hamburg, Germany), and performed complexes of 
alkaline phosphatase and monoclonal anti-alkaline phosphatase antibodies 
(D651, Dako, Hamburg, Germany) were used at the dilutions recommended by 
the manufacturer (Dakopotts, Hamburg, Germany). For each BM aspirate, two 
slides containing a total of 106 MNC were evaluated 

Example 5: Expression of MAGE genes in normal bone marrow and blood 
versus other markers 

RNA was extracted from BM of control patients and subjected to RT-PCR 
amplification using primers from several histogenetic differentiation markers and 
tumor-associated antigens. (Tab. 2). After 50 cycles of amplification, product of all 
these candidate genes known to be expressed in malignancies was seen except 
PSA and MAGE genes. Nevertheless, PSA expression is restricted to 
malignancies of the prostate and seems to be downregulated in a fraction of 
disseminated tumor ceils. In contrast, MAGE genes are ubiquitously expressed in 
malignancies and no amplification product after sensitive nested PCR was seen 
in any of the analyzed 20 BM aspirates and 20 peripheral blood samples. This 
result was confirmed when analyzing bone marrow aspirates of 27 healthy 
persons. None of said aspirates from the allogenic bone marrow donors 
expressed the MAGE genes, see Table 5. 
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The highly restricted expression pattern of tumor antigens in contrast to tumor- 
associated molecules strongly supports that MAGE genes may be interesting 
candidates for PCR-based detection of minimal residual disease. 

Example 6: Expression of MAGE genes in bone marrow samples of patients 
with different types of tumors 

The objective of the study was to establish a PCR assay for detection of 
disseminated tumor cells of different histological origin. Since primary tumors 
show a heterogenous expression pattern for different MAGE genes (1,2,3,4,6,12), 
as shown for prostate cancer in Table 6, we initially evaluated our multimarker 
RT-PCR assay in vitro and screened 28 cell lines of epithelial, mesenchymal, 
hematopoietic and neuroectodermal origin (Tab. 3). Performing one-stage PCR 
with 35 cycles, 27 of 28 cell lines exhibited expression of at least one MAGE and 
therefore scored positive in the PCR. Only one renal cell carcinoma (A498) was 
completely negative. Increasing the sensitivity by performing 65 cycles A498 
showed MAGE-2 and -4 expression. This heterogenous expression pattern of the 
MAGE genes together with the complete absence of expression in normal 
hematopoietic tissue encouraged us to evaluate BM aspirates and peripheral 
blood samples from patients suffering from malignancies of different histological 
origin. Results and patient characteristics are listed in Table 4a-c and Table 7. 
Gelelectrophoresis of Mage PCR products is shown in examples in Figures 5 to 
14. 

Prostate cancer 

First, BM aspirates were obtained from both sites of the iliac crest of patients with 
prostate cancer (Tab. 4a, Tab. 7). Out of the 30 patients transcripts of MAGE-1 
were observed in 12 patients (40%). MAGE-2 in 3 pat. (17%), MAGE-3/6 in 5 
pat.(17%), MAGE-4 in 6 pat.(20%) and MAGE-1 2 in 5 pat.(17%). The overall 
positivity for expression of at least one MAGE gene in one patient was 18 (60%). 
Interestingly, only two patients showed concordant expression pattern of MAGE 
genes in both aspiration sites, while 16 patients displayed heterogenous 
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expression. There was no correlation between the primary tumor stage, the 
histopathological grading or the mean PSA concentration in serum and the 
MAGE-positivity in the PCR-assay. 
Lung cancer 

The second epithelial tumor entity we were interested in was non-small and small 
lung cancer (Tab.4b). We analyzed single-sided BM aspirates of 34 carcinoma 
patients with positive results for MAGE-1 in 5 asp. (15%), MAGE-2 in 4 asp. 
(12%), MAGE-3/6 in 3 asp.(9%), MAGE-4 in 3 asp. (9%) and MAGE-1 2 in 4 
asp.(12%). At least one MAGE expression was found in 12 asp. (35%). MAGE- 
PCR displayed positive signals in 7 of 19 BM aspirates of patients with squamous 
cell carcinoma and 3 of 10 analyzed BM aspirates of patients with 
adenocarcinoma. 
Sarcoma 

Since mesenchymal tumor cell lines express different MAGE genes, we analyzed 
single-sided BM aspirates of 6 sarcoma patients staged as M1 using the sensitive 
MAGE PCR assays (Tab. 4c). 5 samples showed at least expression of one 
MAGE gene, while MAGE 1,2,4,12 were positive in two tumor samples, 
respectively, and MAGE-3/6 was positive in one sample. Transcripts of all MAGE 
genes were found in BM aspirates of patient T.C., suffering from 
rhabdomyosarcoma with infiltrating bone metastases. 

Example 7: Correlation of MAGE expression with other tumor cell 
dissemination markers 

All BM aspirates of patients with malignancies of the lung and prostate were 
evaluated by both the MAGE RT-PCR and the well established 
immunocytochemical assay using mAb against cytokeratins. Expression of at 
least one MAGE gene and CK-status of 34 analyzed lung carcinoma samples is 
displayed in Fig.2. 12 aspirates showed positive results in MAGE PCR assay, 
while 8 aspirates revealed CK positive cells. 6 aspirates were found to be 
concordant positive and were all taken from patients with squamous cell 
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carcinoma. MAGE PCR showed positive results in 3 of 10 patients with 
adenocarcinoma, while immunocytochemistry exhibited no CK-positive cells in 
this histological subtype. 

Further, patients with prostate carcinoma were analyzed using MAGE RT-PCR, 
CK-immunocytochemistry and a third assay: a sensitive RT-PCR for PSA. Fig.3 
shows the results of PCR assays for MAGE and PSA, and of CK- 
immunocytochemistry. As mentioned above, out of 30 patients with prostate 
carcinoma 18 patients showed expression for at least one MAGE gene. PSA 
expression was observed in 8 patients, while CK-immunostained cells were found 
in 9 patients. Interestingly, all PSA positive patients and seven of nine CK-positive 
patients were confirmed by positive results of the MAGE PCR assay. 
Comparatively, CK-immunostained cells were found only in four PSA-positive 
patients. Moreover, seven PSA- and CK-negative patients revealed MAGE 
expression as indicator for disseminated tumor cells. 

Example 8: Expression in blood samples compared to bone marrow 
samples 

Most of recently published PCR assays claim to detect circulating tumor cells and 
predict high sensitivity; nevertheless the results of the analyses of PB samples 
obtained with CK-immunocytochemistry are disappointing. We analyzed 18 blood 
samples of patients with prostate carcinoma (n=12) and sarcoma (n=6), that were 
taken in parallel to the BM aspiration. As listed in Table 4a, MAGE-1 and MAGE- 
3/6 transcripts were found in one patient, while MAGE-4 expression could be 
observed in two patients with prostate cancer. Interestingly, two patients with 
MAGE expression in blood exhibited a different pattern in bone marrow. PSA- 
PCR assay was completely negative for all analyzed PB samples. The obviously 
lower sensitivity of the assay using peripheral blood was confirmed by analyzing 
patients with sarcoma (Tab. 4c). Only two patients revealed MAGE-2 and 3/6 
expression, while the expression of the different MAGE genes in BM aspirates 
could not be reproduced. Further, we analyzed 12 patients with advanced and 
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metastatic malignant melanoma using the sensitive MAGE RT-PCR assay. 
Expression of at least one MAGE gene was observed in only 5 patients with 
positive results for MAGE-1, 2,3/6 and 12 in two samples and MAGE-4 in one 
sample. The failure to detect circulating cells in patients with localized or even 
advanced disease seems to indicate the bone marrow as preferential indicator 
compartment for detecting disseminated tumor cells. 

Example 9: Different expression of MAGE-genes in the primary tumor of 
prostate cancer patients 

Total RNA was prepared primary tumors according to Chomczynski, Analytical 
Biochemistry 162 (1987) 156-159. Subsequently cDNA was synthesized as 
described in Example 6. As shown in Table 6, 7 of 20 tumors were positive for 
MAGE-1, 6 of 20 tumors for MAGE 2 and -12, respectively, 10 of 20 tumors for 
MAGE 3/6 and 4 of 20 for MAGE-4; overall, 14 of 20 tumors (70%) were positive 
for at least one MAGE gene product. 

Example 10: Different expression of MAGE-genes in the primary tumor and 
in the bone marrow of the same patient as determined by the method of the 
invention 

Total RNA was prepared from the primary tumor of sarcoma patient H. M. (see 
also Tab. 4c) according to Chomczynski, Analytical Biochemistry 162 (1987) 156- 
159. Subsequently cDNA was synthesized as described in Example 3 followed by 
a one-step PCR with 35 cycles for MAGE 1, 2, 3/6, 4 and 12 as described in 
Example 6. 

MAGE-analysis of a bone marrow sample of patient H. M. was carried out 
according to the method of the invention. Analysis of the primary tumor (results 
are shown in Figure 15) revealed predominant expression of MAGE-1 and only 
weak and inconsistent expression of other MAGE-genes including MAGE-4 and 
12. Analysis of the bone marrow, however, only revealed the expression of Mage- 
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4 and -12, but no expression at all of MAGE-1 (Tab. 4c). Thus, the MAGE- 
expression pattern of systemicatly disseminated tumor cells does not necessarily 
match with that of the corresponding primary tumor. Therefore, therapeutic 
approaches according to claim 5, to eliminate systemicaliy disseminated tumor 
cells thus preventing future distant metastasis should be preferably based on the 
analysis of the MAGE-expression pattern of said cells in an appropriate indicator 
tissue iike bone marrow, rather than on analysis of the MAGE-expression pattern 
of the primary tumor. 

Example 11 : Risk analysis of prostate cancer patients 

In 18 of 30 prostate cancer patients disseminated tumor cells could be detected 
by bone marrow analysis according to the method of the invention. Patients were 
regarded MAGE-positive when at least one specific PCR-product for MAGE-1 , -2, 
-3/6, -4 or -12 was detectable in at least one of two bone marrow aspirates taken 
from the right and left iliac crest, respectively. Clinical data of the patients are 
listed in Table 7 and 4a (In Table 7 the same 30 prostate cancer patients are 
listed as in Table 4a. However, as Table 4a contains more preliminary clinical 
data, there are some discrepancies to Table 7 with regard to tumor staging and 
grading. Furthermore, the PSA values given in Tab. 4a are those at the time of 
bone marrow aspiration, and therefore not identical with the initial PSA values at 
the time of first diagnosis of prostate cancer as given in Tab. 7. Finally, 
reevaluation of the CK-immunocytochemistry data revealed positive results for the 
left and negative results for the right bone marrow aspiration samples of patients 
SC.FR. and LE.DI., respectively; in addition, patient JU.HA. turned out to be CK- 
positive for both aspiration sites. For the risk analysis of prostate cancer patients 
data were exlucively taken from Table 7). MAGE-expression was analysed in 22 
of the 30 patients, at the time of first diagnosis of prostate cancer or during 
neoadjuvant therapy of their primary tumor prior to curatively intended 
prostateclomy or radiation (results are shown in Fig. 4a). The remaining 8 patients 
analyzed, had progressive disease at the time of analysis as defined by an 
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increasing blood concentration of PSA or by a local relapse; none of these 
patients, however, had clinical signs of distant metastasis at the time of MAGE- 
analysis. As it is well established in the art, these patients have a very high risk of 
future distant metastasis (Zietman, Cancer Supplement 71 (1993), 959-969; Fuks, 
int. J. Radiation Oncology Biol. Phys. 21 (1991), 537-547; Pound, Urol. Clin. 
North Am 24 (1997), 395-406); thus it would be expected that most of them have 
already undergone systemic dissemination of cancer cells at the time of MAGE- 
analysis, when clinical evident distant metastasis has not yet developed but is 
likely to grow out of these disseminated single tumor cells in the future. Indeed, 7 
of these 8 patients (87,5%) highly at risk of distant metastasis proved to be 
MAGE-positive. In contrast, only 11 of 22 patients (50,0%) analyzed in temporal 
association with their primary tumor, and thus representing both high and low risk 
patients according to future distant metastasis, were found to be MAGE-positive. 
Interestingly, only 22,7% of the patients in the latter group (5/22) were found to be 
MAGE-positive for both aspiration sites, compared to 50% in the high risk group 
(4/8). These data indicate, that detectable MAGE-expression in at least one bone 
marrow sample is associated with a high risk of future distant metastasis most 
probably due to the presence of systemically disseminated tumor cells. Thus, a 
subgroup of patients suffering from cancer and especially from prostate cancer 
being highly at risk of future distant metastasis may be identified by the method of 
the invention. This subgroup may be preferentially subjected to adjuvant cancer 
therapy according to claim 5 or any other adjuvant approach in order to prevent 
the outgrowth of distant metastases from systemically disseminated single cancer 
cells. 
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T o b le 1 : Svnmedc oligonucleotide pnmers for the nested RT-?CR_ 
amplification of ±= different MAGE genes and the conventional Ri-?CR 
asDlification of PSA and p53. 



GENES 


7 "P.sTRF AM AND DOWNSTREAM! PRIMfcR Or iRfc 


EXTERNAL A.MPL. 


INTERNAL AMPL. 


MAGE-1 
MAGE-Y"" 
~MAGE"3?6""" 
MAGE~4~~~~ 

"PSA 
p53 


o'-gtagagnCggCCS^ggaac-T 

5 ' -cagsasc cgjJgcaatgaagac-S 
5 ! -carcgaaggagaagatcigcct-3 ' 
5 : -jajcag_aaoag_g_aagaagc^2X-3^ 
5 ' -gaagccggcccaggc;:cg-3 ' 
5 ; -2aig_actct2gtca22jrcaa-3' 
5''-caccaaggagaagatctgcct-3 ; 
f'-tcctcastastassascctsj-S' 
-5 ' -cccgtgaggaggcaaggttc-3 ' 
5 ' -accj^ang accccajagagia-3_'_ _ 
5'-cagcagcc[ 
o'jjaccctcacas 
5'-ggacgacag: 
5'-icascLac< 


5 : -L22agCiCggccgaagg2ac-j 

5 ' -c^j2caat2aajacccaca-_3J 

' 5 r -can:gaaggagaagatccgcct-3 ' 

5 : -cagj^cui agcgccs cic-3_ ; 

5 ' -2scic 22CHaggaggcaag-3 : 

5 ' - 2a^actct2jtca2gscaa-3_i_ 

5'-caccaaggagaagatctgcct-3' 

5 ; -cag_ g^ttjcagjsctgactcc-j^ 

S'-cccgcgaggaggcaaggttc-G 1 
5 ' -2a2cctgc2cacccaccaa-3 ' 

:icg[ggcag-3' 

caecc2Lg_a_2-3' 

aacacrtttcg-3' 
T 2aacacctc-3' 
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Table 2: Specificity of RT-PCR. Analyses of hematopoietic tissue from non- 
carcinoma control patients. Data are presented as positive bone marrow 
aspirates or PBL over total number of specimens assessed. 

MARKER GENE BONE BLOOD 

MARROW 

/. Tumorassociated and histogenetic 
differentiation markers: 



CEA (Carcinoembryonic Antigen) 


5/19 


n.d. 


erbB2 


5/7 


n.d. 


erbB3 


6/7 


n.d. 


EGP-40 (Epithelial Glycoprotein-40) 


53/53 


n.d. 


Desmoplakin I 


5/5 


n.d. 


Cytokeratin-18 


5/7 - 


n.d. 


PIP (Prolactin-inducible Protein) 


3/31 


n.d. 


PSM (Prostate-Specific Membrane 


4/9 


n.d. 








PSA (Prostate-Specific Antigen) 


0/53 


0/20 


2. TurnorsDecific Markers: 


0/20 


0/20 


MAGE - 1 


0/20 


0/20 


MAGE - 2 


0/20 


0/20 


MAGE - 3/6 


0/20 


0/20 


MAGE - 4 


0/20 


0/20 


MAGE - 12 


0/20 


0/20 
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Table 3: Expression of the different MAGE genes by malignant rumor cell 
lines evaluated by specific RT-PCR amplification. Different levels of 
expression as deduced by band intensity of PCR products are represented by 
O) or -f . Absence of PCR product is indicated by -. 





Ma°e 
I 


Mage 
2 


Mage 
3/6 


Mage 
4 


Mage 
_ 

12 


_ 

1A. Tumors derived of 
ekto-/endo dermal 
origin 












iVlLr-/ (breast; 






— + — 




+ 


Jd 1 zu (breast; 


— 7 




— + — 


+ 




oicbr 3 (breast; 






— - — 




+ 


jylUA-fvlrS (.breast; 












LNCaP (prostate) 






— + — 
— - — 






SkCo (colorectal) 










( + ) 


HT 29 (colorectal) 


+ 


+ 


+ 


(+) 


+ 


LS 180 (colorectal) 










+ 


SW 480 (colorectal) 












A h-Vo (Kiuney; 












\_ar>J i ^tu-uncy; 












rltr d j (nepar; 




— T — 


— + — 




+ 


WPP C 0 f'hpnfir", 


— ^ 










DAMP TTT ('ntinrrpoc'l 
JrrvLNv^-lU vpcllincdi; 








( + ) 




ivo. i vj ^icoinaLii; 












A. 4?7 (lun^) 




+ 


+ 


+ 


+ 


A431 

(epidermoidcarcinoma) 


+ 


+ 


+ 


+ 




.Zj5. Tumors derived of 
neuroektodermal origin 












A 172 (glioblastoma) 


+ 




+ 




+ 


U 138 (glioblastoma) 


+ 


+ 






+ 


MEL- JUS 0 (melanoma) 


+ 


+ 


+ 


+ 


+ 


MEL-MEI (melanoma) 


+ 


+ 


+ 




+ 


A 375 (melanoma) 


+ 






(+) 


+ 


MZ-2 MEL (melanoma) 


+ 


(+) 


+ 


+ 


+ 


2. Tumors derived of 
mesodermal origin 












HT 10S0 (fibrosarcoma) 


+ 


+ 


+ 


+ 


+ 


LB-23 SAR (fibrosarcoma) 






+ 


+ 


( + ) 


U 937 (lymphoma) 


+ 


+ 


+ 




+ 


RAJI (Burkitt-iymphoma) 










+ 


K 562 (erythroLeukemia) 






+ 


(+) 


+ 
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Table 5: Analyses of bone marrow aspirates of 27 healthy persons (= allogeneic 
bone marrow donors). Data are presented as negative and positive results in RT- 
PCR of total number of specimens assessed. 



MARKER GENE ~ BONE MARROW 



PCR-pos. 


PCR-neg. 


MAGE-1 


0 


27 


MAGE-2 


0 


27 


MAGE-3/6 


0 


27 


MAGE-4 


0 


27 


MAGE-1 2 


0 


27 
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Table 6: Expression of the different MAGE genes by primary tumors of 20 
patients with prostate cancer. Evaluation was obtained by specific RT-PCR 
amplification of native malignant prostatic tissue. Data are presented as negative 
and positive results in RT-PCR of total number of specimens assessed. 



MARKER GENE 


PROSTATE TUMOR 


PCR-pos. 


PCR-neg. 


MAGE-1 


7 


13 


MAGE-2 


6 


14 


MAGE-3/6 


10 


10 


MAGE-4 


4 


16 


MAGE-1 2 6 


14 


at least one MAGE 


14 


6 
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Table 7-legend: 

Clinical data of 30 patients with prostate cancer and the corresponding results of 
MAGE RT-PCR, PSA RT-PCR and CK-lmmunocytochemistry as obtained by the 
analysis of bone marrow samples from the right and left iliac crest, respectively. 
Table lists: patients, clinical stage A-D, time of first diagnosis, histology 
(adenocarcinoma = adeno, neuroendocrine carcinoma = neuro) and 
corresponding grading (1=well differentiated, 2= moderately differentiated, 3= 
poorly differentiated), TNM-stage related to biopsy and lymphadenectomy (= b) or 
related to prostatectomy and lymphadenectomy (= p), PSA-level prior to therapy 
(= initial PSA), results of immunocytochemistry and RT-PCR, time of aspiration (0 
= bone marrow aspiration at the time of progressive disease but without clinically 
evident distant metastasis, x = bone marrow aspiration at the time of first 
diagnosis of prostate cancer or during neoadjuvant therapy of the primary tumor 
prior to curatively intended prostatectomy or radiation), treatment modality (A = 
neoadjuvant antiandrogen therapy and subsequent prostatectomy, B = 
neoadjuvant antiandrogen therapy and subsequent radiation, C = transurethral 
resection, D = primary antiandrogen therapy, E = prostatectomy and adjuvant 
antiandrogen therapy, F = neoadjuvant antiandrogen therapy plus chemotherapy, 
and subsequent prostatectomy, G = prostatectomy), as well as time and result of 
last clinical follow-up ( NR = no relapse, BCR = biochemical relapse as defined by 
continuously PSA levels over prolonged periods of time, iBCR = initially 
increasing PSA level over a short period of time prior to end of follow-up, LR = 
local relapse, DM = clinically evident distant metastasis), n.a. = not available. 
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SEQUENCE LISTING 



(i) APPLICANT: 

(A) NAME: Micromet GmbH 

(B) STREET: Am Klopferspitz 19 

(C) CITY: Planegg 

(D) STATE: none 

(E) COUNTRY: Germany 

(F) POSTAL CODE (ZIP) : 82152 

(ii) TITLE OF INVENTION: Novel primers and methods for the detection 
of disseminated tumor cells 

(iii) NUMBER OF SEQUENCES: 2 0 

(iv) COMPUTER READABLE FORM : 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM : PC -DOS /MS - DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) topology: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

GTAGAGTTCG GCCGAAGGAA C 
21 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 



WO 98/46788 



PCT/EP98/02081 



(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

CAGGAGCTGG GCAATGAAGA C 
21 

(2) INFORMATION FOR SEQ ID NO : 3: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE : other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CATTGAAGGA GAAGATCTGC CT 

22 

(2) INFORMATION FOR SEQ ID NO : 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GAGTAGAAGA GGAAGAAGCG GT 
22 

(2) INFORMATION FOR SEQ ID NO : 5: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH : 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /deac = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GAAGCCGGCC CAGGCTCG 
18 

(2) INFORMATION FOR SEQ ID NO : 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GATGACTCTG GTCAGGGCAA 
20 

(2) INFORMATION FOR SEQ ID NO : 7: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
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CACCAAGGAG AAGATCTGCC T 
21 

(2) INFORMATION FOR SEQ ID NO : 8: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

TCCTCAGTAG TAGGAGCCTG T 
21 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

TCCGTGAGGA GGCAAGGTTC 
20 

(2) INFORMATION FOR SEQ ID NO : 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 
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(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

ATCGGATTGA CTCCAGAGAG TA 

22 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



TAGAGTTCGG CCGAAGGAAC 
20 



(2) INFORMATION FOR SEQ ID NO: 12: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 



(iii) HYPOTHETICAL: YES 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

CTGGGCAATG AAGACCCACA 
20 

(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

CATTGAAGGA GAAGATCTGC CT 
22 

(2) INFORMATION FOR SEQ ID NO : 14: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CAGGCTTGCA GTGCTGACTC 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
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GGCTCGGTGA GGAGGCAAG 
19 

(2) INFORMATION FOR SEQ ID NO : 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide 

(iii) HYPOTHETICAL : YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

GATGACTCTG GTCAGGGCAA 
20 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

CACCAAGGAG AAGATCTGCC T 
21 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide 1 
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(iii) HYPOTHETICAL : YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

CAGGCTTGCA GTGCTGACTC T 
21 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide 11 

(iii) HYPOTHETICAL: YES 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TCCGTGAGGA GGCAAGGTTC 
20 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
GAGCCTGCGC ACCCACCAA 
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CLAIMS 

1. A primer specifically hybridizing to a nucleic acid molecule 
complementary to the messenger RNA transcribed from a gene encoding 
a MAGE tumor-specific antigen or a part thereof or to a complementary 
strand thereof, said primer being selected from the group of 
(i) primers having the same 3' portion as one of the following groups 
of primers: 



(a) 



5'-gtagagttcggccgaaggaac-3' 


(SEQ ID NO 


:1 


5'-caggagctgggcaatgaagac-3" 


(SEQ ID NO 


•2) 


5'-cattgaaggagaagatctgcct-3' 


(SEQ ID NO 


:3) 


5'-gagtagaagaggaagaagcggt-3' 


(SEQ ID NO 


4) 


5'-gaagccggcccaggctcg-3' 


(SEQ ID NO 


5) 


5'-gatgactctggtcagggcaa-3' 


(SEQ ID NO 


6) 


5'-caccaaggagaagatctgcct-3' 


(SEQ ID NO 


7) 


5'-tcctcagtagtaggagcctgt-3' 


(SEQ ID NO 


8) 


5'-tccgtgaggaggcaaggttc-3' 


(SEQ ID NO 


9) 


5'-atcggattgactccagagagta-3' 


(SEQ ID NO 


10) 


(b) 






5'-tagagttcggccgaaggaac-3' 


(SEQ ID NO 


11) 


5'-ctggg ca atg a ag acccaca-3' 


(SEQ ID NO 


12) 


5'-cattgaaggagaagatctgcct-3' 


(SEQ ID NO 


13) 


5'-caggcttgcagtgctgactc-3' 


(SEQ ID NO 


14) 


5'-ggctcggtgaggaggcaag-3' 


(SEQ ID NO 


15) 


5'-gatgactctggtcagggcaa-3' 


(SEQ ID NO 


16) 


5'-caccaaggagaagatctgcct-3' 


(SEQ ID NO 


17) 


5'-caggcttgcagtgctgactct-3' 


(SEQ ID NO 


18) 


5'-tccgtgaggaggcaaggttc-3' 


(SEQ ID NO 


19) 


5'-gagcctgcgcacccaccaa-3' 


(SEQ ID NO 


20) 
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;and 

(ii) primers that overlap with a primer sequence depicted in (a) or (b). 

2. The primer according to claim 1 which is a primer depicted in either group 
(a) or group (b). 

3. A diagnostic composition comprising at least 4 primers according to claim 
1 or 2 wherein said at least four primers hybridize pair-wise to strands of 
opposite orientation of at least two different nucleic acid molecules 
wherein strands of one orientation are complementary to the mRNA 
transcribed from the genes of at least two different MAGE tumor-specific 
antigens. 

4. A method of detecting disseminated tumor cells indicative of a cancerous 
condition in a patient comprising: 

(a) carrying out PCR on cDNA obtained from mRNA from one or more 
patient samples using at least two primers according to claim 1 or 
2 hybridizing pair-wise to strands of opposite orientation of at least 
one cDNA molecule wherein strands of one orientation are 
complementary to the mRNA transcibed from the genes of at least 
one MAGE tumor-specific antigen; and 

(b) detecting one or more PCR products. 

5. A method of preparing a tumor adjuvant vaccine comprising the following 
steps: 

(a) carrying out PCR on cDNA obtained from mRNA from one or more 
patient samples using at ieast four primers according to claim 1 or 
2 hybridizing pair-wise to strands of opposite orientation of at least 
two different nucleic acid molecules wherein strands of one 
orientation are complementary to the messenger RNA transcribed 
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from the genes of at least two different MAGE tumor-specific 
antigens; 

(b) detecting resulting PCR products; and 

(c) using at least one MAGE-gene product, expression of said MAGE- 
gene being detected as a result of step (b) for preparing an 
adjuvent tumor vaccine based on MAGE-antigen-derived peptides 
resembling MHC-restricted T-cell-epitopes, whole MAGE-antigens 
or fragments thereof, MAGE-transfected host cells, DNA 
vaccinating strategies using MAGE-encoding nucleotide 
sequences or any other immunization method based on MAGE- 
gene products or their coding nucleotide sequences. 

6. The method according to claim 4 or 5 wherein said cDNA is obtained by: 

(a) preparing mRNA from one or more samples removed from said 
patient; and 

(b) reverse transcribing said mRNA. 

7. The method according to any one of claims 4 to 6 wherein said PCR is 
nested PCR. 

8. The method according to any one of claims 4 to 7, wherein said primers 
hybridize to 2 to 6 different nucleic acid molecules complementary to the 
mRNA transcribed from the genes of MAGE tumor-specific antigens and 
the complementary strands thereof. 

9. The method according to any one of claims 4 to 8 wherein said MAGE 
tumor-specific antigens are the MAGE -1, -2, -3, -4, -6, or -12 tumor- 
specific antigens. 

10. The method according to any one of claims 4 to 9 wherein said samples 
are removed from two different aspiration sites. 
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1 1 . The method according to any one of claims 4 to 1 0 wherein said samples 
are bone marrow aspirates. 

12. The method according to any one of claims 4 to 1 1 , wherein said mRNA 
preparation comprises the following steps: 

(a) immediately lysing the sample in buffer essentially completely 
avoiding RNA-degradation; and 

(b) optionally centrifuging the mRNA obtained in the lysate through a 
cushion of an RNAse-inhibiting agent, preferably cesium 
trifluoroacetate. 

13. The method according to any one of claims 4 to 12 wherein said 
cancerous condition is related to prostate cancer, non-small or small lung 
cancer, sarcoma, malignant melanoma, breast cancer or colorectal 
cancer. 
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Fig. 4:. Number of prostate carcinoma patients with positive results in PCR-assay for at least 
one MAGE and PSA, and in CK-Immunocytochemistry in BM of at least one 
aspiration site 

a) analysis related to primary tumor 




b) analysis related to progressive disease 
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Figure 5 
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Figure 7 
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Figure 8 
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Figure 10 
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Figure 12 
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Figure 13 
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Figure 14 
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